A variety of new and earlier synthesized lupane, oleanane, ursane and dammarane triterpenoids have been investigated for their inhibitory activity against -glucosidase. 2,3-Indole-21β-acetyl-20,28-epoxy-18,19Н-ursane and 3-oxo-3A-homo-3a-aza-20(S)-hydroxydammar-24(25)-ene were synthesized for the first time. The compounds 3, 4, 8-11 and 14 demonstrated strong in vitro inhibitory activity towards α-glucosidase with IC 50 values of 37.5-115.1 μM.
Type II diabetes mellitus is a chronic metabolic disorder that results from reduced first-phase insulin secretion, β cell dysfunction with relative glucagon excess and defects in insulin action [1] . To date, therapy for type II diabetes relies mainly on several approaches intended to suppress the hyperglycemia. However, long-time use of the oral hypoglycemic agents may decrease their pharmacological action. Therefore, there is an increasing scientific and clinical endorsement for the search and use of natural antidiabetic agents.
Triterpenoids and their derivatives are widely distributed in both plant and animal kingdoms and possess interesting bioactivity, such as antitumor, anti-HIV, antibacterial, and antimalarial, as well as antidiabetic [2] . For example, ursolic acid derivatives inhibit protein tyrosine phosphatase 1B, enhancing insulin receptor phosphorylation and stimulating glucose uptake [3] . Ursolic, oleanolic and betulinic acids definitely possess antioxidative and anti-inflammatory activites [4] , as well as an inhibitory effect on advanced glycation end-product formation. Oleanolic acid is the hypoglycemic component of many Traditional Chinese Medicines [5] . Oleanolic and ursolic acids can mediate the activity and\or expression of aldose reductase, sorbitol dehydrogenase and glyoxalase I [6] . Ursolic acid also has a positive effect on lowing blood glucose levels and curing diabetic complications in diabetic mice [7] . Semi-synthetic strategies based on triterpenoids are also promising in the search for antidiabetic agents. For example, betulonic acid oxime and its acyl derivatives showed TGR5 agonist (receptor agonist could be used to treat type 2 diabetes) potency [8] . Among synthetic derivatives it was shown that 3,28-disubstituted oleanolic acid exhibited stronger α-glucosidase activity than 28monosubstituted analogues [5] . Incorporation of lactone, cinnamic amide and 2,3-indole fragments into the oleanolic acid structure increased α-glucosidase inhibition activities compared with acarbose [9] [10] [11] . The dammarane triterpenoid 20(S)-protopanaxadiol demonstrated a regulatory function in glucose metabolism [12] .
These studies indicate that triterpenoids are potential antiglycative agents and can be useful for treating glycation-related diseases such as diabetes mellitus [13] . The goal of the present work, as a part of our research into the chemistry and pharmacology of terpenoids [14] [15] [16] [17] [18] [19] [20] [21] [22] , was to estimate the in vitro α-glucosidase inhibitory activity of oxygen and nitrogen containing triterpenoids, including those obtained earlier and new ones, the synthesis which is described below. Figure 1 show the synthesis of novel ursane (3) and dammarane (4) derivatives. Indole 3 was prepared by Fischer indolization of 1 [15] with phenylhydrazine in the presence of acetic acid. Lactame 4 was prepared on the basis of 3-oxime 2 [23] by Beckman rearrangement.
We have previously synthesized compounds 1, 2 and 5-14, which, together with novel compounds, have been taken for screening of α-glucosidase inhibitory activity ( Figure 2 ). The compounds include some that are oxygenated on ring C of oleanane and ursane triterpenoids: 3-oxo-12α-hydroxy-оlean-13β,28β-lactone (5), 3-oxo-12β-hydroxy-ursan-13β,28β-lactone (6) and 12-oxo-ursan-11S,13Roxetane (7) . Among those modified on ring А and at C28 the following lupane triterpenoids were used: 2,3-indole 8, imidazolide 9, A-seco-3-amidoxime 10, A-seco-3-amino-28-O-nicotinoate 11 and the 28-O-cinnamate of the ring A-seven-membered amine 12. Dammarane 3-oxime 2, dipterocarpol 13, and the 2,3-indole 14 were also used. Screening of triterpenoids 1, 5-7 showed that they were not highly active (Table 1 ). 2,3-Indole 3 demonstrated better activity with an IC 50 of 115.1 µM, this being 3.5-fold more active than acarbose. It is interesting to note that lactone 5 was inactive in contrast to its 3β-OH-analog, which showed significant α-glucosidase inhibitory activity [10, 24] .
The lupane triterpenoids 8-12 were found to inhibit α-glucosidase with IC 50 values of 6.7-103.6 μM, these being from 60 to 4-fold more active than acarbose. Higher activity was observed for 3-oxo-9 and A-seco-derivatives 10, 11 with imidazolyl, methyl or nicotinoyl groups at C28, and for indole 8. In this series, the 28-Ocinnamate of cyclic A-seven-membered amine 12 was the most active. The dammaranes 2, 4, 13 and 14 exhibited activity with IC 50 values from 37.5 to > 256 µM, among them 3-oxime 2 and dipterocarpol 13 with an IC 50 > 256 µM. The lactame 4 and 2,3indole 14 showed the most potent activity with IC 50 values of 93.9 and 37.5 µM, respectively. It appears that compounds containing a heterocyclic 2,3-indole fragment give rise to higher activity for triterpenoids (3, 8 and 14). 
Experimental
General: 1 H and 13 C NMR spectra were recorded on a Bruker AM-300 spectrometer (300 and 75.5 MHz, respectively, δ, ppm, J, Hz) in CDCl 3 , internal standard -tetramethylsilane. Melting points were determined on a microtable Boetius. Optical rotations were measured on a Perkin-Elmer 241MC polarimeter (Germany) in a tube length of 1 dm. TLC analysis was performed on Sorbfil plates (Sorbpolimer, Russian Federation) using chloroform -ethyl acetate, 40:3. The substances were detected by a 10% solution of sulfuric acid with subsequent heating at 100-120 o C for 2-3 min. Compounds were prepared as described previously: 1 in [15], 2 [25] , 5 and 6 [26] , 7 [27] , 8 [28] , 9 [29] , 10 and 11 [30] , 12 [16] , 13 and 14 [23] . 
Glycosidase inhibition assay:
The -glucosidase (Sigma G0660) inhibition assay was performed according to the method of Pistia Brueggeman and Hollings worth, with slight modification [31, 32] . Twenty µM of 0.3 U/mL -glucosidase in 20 µL phosphate buffer (pH 6.8) and 20 µM of test samples in various concentrations were incubated in 96-well plates at 37°C for 10 min, then 20 µL of 2.5 M p-nitrophenyl--D-glucopyranoside (PNPG, Sigma N1377) in 10 mM phosphate buffer (pH 6.8) was added, and the plate incubated at 37°C for another 30 min. The reaction was quenched by the addition of 8 0µL of 0.1 M Na 2 CO 3 solution. Acarbose was tested as a positive and water as negative control. The increment in absorption at 410 nm due to hydrolysis of PNPG by glycosidase was quantitated by colorimetric analysis. The concentration of samples required to inhibit 50% of the activity under the assay conditions was defined as the IC 50 value.
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